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(54) Titrc: PREFORME, DISPOSITIF ET PROCEDE POUR LE TUB AGE D'UN PUITS 

(57) Abstract 

A preform comprises, distributed along its wall, annular curable zones (3) 
which are radially and outwardly deformable so that they apply against the wall 
(20) of the well (2). or of the conduit, and which form, after curing, anchoring and 
sealing locks for the casing. Application: casing of wells, particularly oil wells 
or conduits, without using cement 

(57) Abreg* 

Cette prcTonne comportc. rtpanies le long de ia paroi, des zones annulaires 
durrissables (3) antes a se dcTonner radialement vers Pextfricur pour venir 
s'appliqucr contre la paroi (20) du puits (2). ou de la canalisation, et qui 
forraent apres durcissernent des venous d'ancragc et d'irancheUte* pour le tubage. 
Applications: tubage de puits. rjcnammeot de forage pdoolier. ou de canalisations 
sans utilisation de cimenL 



— L 




LI 



L2 



BEST AVAILABLE COPY 



VNIQUEMENT A TITRE D* INFORM A TION 



Codes utilises pour identifier lcs Etats parties au PCT, $ur lcs pages dc 
des demandes intemationales en vertu du PCT 



couverturc des brochures publiant 



AT 
AO 
BB 
BE 
BF 
BG 
BJ 
BR 
BY 
CA 
CF 
CC 
CH 

a 

CM 
CN 
CS 

cz 

DE 
OK 
ES 

ri 

FH 
CA 



Autriche 
Ausatltc 
B«fctde 
Beipqac 
Batsu Ftso 



BnfjU 

B^Unxs 

Casad* 



Coo|o 
Sobsc 

Cfited'lvotic 



Quoc 

Tdttemlovtqttie 



Ctboo 



CB 
CE 
CN 
OR 
HU 
IE 

rr 
jp 

K£ 
KG 
KF 

KR 
KZ 
U 
LX 

UJ 
LV 
MC 
MD 
MC 
ML 
MN 



Roy*ume-Uoi 
Wotpc 
Gttinde 
Grtcc 



Japon 
Keoyi 



fUpubliqoe popaUire 
deCorte 

R^poNiqw dc Corfe 



IWpuMiqoe dc MoUovi 
Mali 

Moafotie 



NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SI 

SK 

SN 

TT> 

TC 

TJ 

TT 

UA 

US 

vz 

VN 



Malawi 
Ntter 



Noavetk-Zeltade 
Potofne 
Portuftl 
RouDunic 

Soiidia 



Slovaqoii 
S«argil 
Tcfead 
Togo 

Tadpkisua 

TriajnSo-Tobajo 

Ubaiae 

Ew^Uois <T Ancnque 



Vict Nib: 



WO 96/01937 



PCT/FR95/00902 



1 

PREFORME, DISPOSITIF ET PR0CE0E POUR LE TUBAGE D'UN PUITS 



10 



La preseme invention concemc unc preforme souple qui est depliable 
radialement. et durcissable in situ, apres qu'elle ait etc raise en place dans un puits. 
notamraent un puits de forage petrolier, ou dans une canalisation, pour y consumer un 
tubage cylindrique. 

L'invention concerne egalement le precede pour ntettre en place, ancrer 
cette preforme dans le puits ou dans la canalisation, et creer une ctanchcite entre la 
prefotme et le puits ou la canalisation. 

On connalt d6jk des preformes dont la paroi est en materiau souple, 
susceptible d'etre repliee sur elle-meme de maniere a presenter un encosnbremcm radial 
nettement plus faible que le diamine du puits ou de la canalisation a tuber, ou k chemiser 
dans le cas d'une reparation localised La preforme est introduite dans le puits ou dans la 
canalisation a 1'etat replie. Une fois qu'elle a etc positionnee a I'endroit voulu. on la 
deTorme radialement vers I'exteneur. par introduction a I'interieur de la preToime d'un 
fluide de gonflage. Sous I'effet de la pression interne, elle prend-une forme cylindrique. 
15 e'est-a-dire une section circulaire. L'ancrage de la preforme ainsi dilatee a I'interieur du 
puits ou de la canalisation se fait au tnoyen d'un ciment que Con coule dans I'espace 
annuiaireseparant la paroi exteneure de la preforme cylindrique de la paroi du puits ou de . 
la canalisation. Le durassement a chaud. par polymerisation, de la paroi constitutive de la 
preTorrae peut etre realise soit par introduction d'un liquide chaud a l*int<£rieur de la 
preforme. soit par effet Joule au tnoyen de resistances electriques appropriees disposes 
dans la preTorrae. par exemple de fils electriques faisant parte de 1'armature de la paroi de 
la preTorrae, impregnee de r&ine thermodurcissable. 

La detnande de brevet international e WO 94/2 1887 concerne la cimentation 
d'un tubage de ce type. 

La cimentation d'une telle prefotme de ce type pose plusieure problemes. 
Tout d'abord. elle exige une installation de cimentation relativsment 
sophistiqu6e et coflteuse. 

Par ailleurs. la quality du ciment doit etre parfaitc. pour pouvoir s'inserer 
correctement. et de maniere homogene. dans les interstices annulaires, dont 1'epaisseur 
peut etre tres faible, separant la paroi de la preTorme de la paroi du puits ou de la 
canalisation. 
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Enfin. la cimeniation n'est pas toujour tres liable, car mal controlee sur de 
grandes longueurs. 

L'objeoif de la pr&ente invention es! de proposer une preforme du genre 
c-dessus decri,. pouvan, eue mise en place e, ancree a I'interieur du puits ou de la 
5 canalisation, sans qu'on n'ait k faire usage d'un ciment 

Cet objectif est atteint. conformant a 1'inveniion. grace au fait que la 
preforme comporte. le long de sa paroi. des zones annulaires durcissables aptes a se 
deform radialeroentversrex,^ 

la canal^auon et qui forment. apres durcissement. des venous d'ancragc et d'etancheite 
10 pourle tubage. 

Par ailleurs. selon un certain nombre de caracteristiques additionally 
non limitatives de 1 'invention : 

- la preforme comporte une reserve de resine polymerisable a chaud 
d.sposee du cote interieur et apte a migrer radialement vers Vwxvitw i uav- ~. t* 

15 sous I'effet d'une pression interne ; 

- elle comporte une peau exterieure elastiquement deformable. dont 
certams troncons en forme de manchons ont une aptitude a la deformation radiale 
nettemen, plus grande que cel.e du reste de la peau. ces tronfons reaiisam lesdits verrous • 

- les tronfons facilement deformables sont en elastomere non renforce 
tandis que le reste de la peau est en dastomere renforce ; 

- ladite reserve consiste en des poches annulaires situees en regard desdits 
tron9ons de peau extAieure facilement deformables ; 

-laditereserves'etendtoutlelongdelapreforme.ycomprisenregarddes 
zones de peau exterieure non facilement deformables ; 

- laparoi de la preTormces, composed' une Sme en resine polymerisable 
a chaud et de deux peaux en materiau elastomere. Tune interieure. I'autre exterieure 
lad.tereservea.ntenantlaresineetantddlimiteeparl-aiueetparlape^ ; 

- la prtforme est munie de joints d'etancheite annulaires entou'rant les 
zones durcissables destinies a consumer les venous. 

Uproccdeselonl-invenu^^^ 
reahsanon de I'etancheit* d'une preforme telle que decritc cite , r in! , neur , OT 
puits ou d'une canalisation, comprend les etapes suivantes : 

a) on introduit la preforme a I'etat p| ie dans un puits ou une canalisation 
cyhndnque. don, le diametre es, un peu plus grand que celui de la preforme lorsqu'el.e 

->-> est radialemeni d£ployee ; 

b) on introduit un fluide sous pression a I'inteneur de la preforme pour 
amenera 1 £tat rigoureusement cyJindrique ; 
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c) on provoque la deformation desdites zones annuiaircs vers I'exteneur 
pour les appiiquer contre la parol du puils ou de la canalisation ; 

d) on provoque le durcissement de la preTorme et des zones annulaires. 
De maniere avantageusc, a Tetape c) on chauffe la resine conienue dans 

5 les poches annulaires de maniere a la liqueTier et ia faire migrer vers Texierieur sous 
I'effet de la pression interne et, a Tdtape d) t on mainuent eelte resine et celle constitutive 
de ia paroi de la preTorme a la temperature de polymerisation durant un temps suffisant 
pour obtenir le durcissement de V ensemble. 

D'autres caractenstiques et avantages de Tinvention apparaTtront de la 
10 description et des dessins annexes, qui en representent, a titre d'exemples non limitatifs. 
des modes de realisation preT erentiels. 
Sur ces dessins : 

- la figure 1 est une vue en coupe schematique d'une preTorme conforme a 
Pinvention. apres introducuon et dcploiemcnt radial. rrais wain a Hntcneur 

15 d'un puits de forage pe*trolier ; 

- les figures 2 et 3 sont des sections transversales de la preTorme a |*6ai 
initial repiie\ selon deux modes de repliement differents ; 

- la figure 4 est une vue similaire a celle des figures 2 et 3, qui represente 
la preTorme radialement deployee, pour prendre une forme cylindriquc ; 

20 - la fi 8 urc 5 est u ne vue partielle, en coupe axiale, de la paroi de la 

preTorme, au niveau d'une zone annulaire durcissable destinee a constituer un vcrrou 
d'ancrage, avant qu'elle n'ait 6t6 deTormee radialement vers I'exteneur ; 

- la figure 6 est une vue similaire a la figure 5, representant la preTorme 
apres deformation et durcissement du verrou ; 

*5 - la figure 7 est une vue schematique d'un troncon de preTorme deploye*. 

qui est equips de pi usieurs joints d'dtanchelte- au niveau de la zone annulaire durcissable 
destinee a constituer un verrou d'ancrage ; 

- Ia figure 8 est une vue en coupe longitudinale au niveau du joint, apres 
ancrage et durcissement de la preTorme dans un puits. 

*0 - les figures 9 et 10 sont des vues analogues aux figures 5 et 6 respective- 

mem, representant une variante de la preTorme. 

A la figure 1 on a represent* une pr6forme 1 conforme a Invention, qui 
est placee a Hnteneur d'un puits de forage peTrolier 2. dont la paroi cylindriquc est 
reTdrencee20. 

5 ^ PreTorme est de type connii, en matenau thermodurcissable, polymensa- 

ble a chaud, qui avant mise en place a I" inteneur du puits est repliee longitudinalement de 
facon a presenter un encombrement radial nfduiL 
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Le pliage pcut etre realist en "IT comme represente schematiquement a la 
f.gure 2. ou en "escargoT comme represent a la figure 3. ma "1"t * la 

Apres mise en place sur la iongueur vou.ue. a Hnterieur du puils 2 , a 

5 ~; p,oy " demanifer " prendre ^ 

Ce«e dilatation radiale se fait par introduction d'un fluide sous pression 

L'extremi.e basse lb de la preforme est naturellemem obturee par des 
moyens de fermeture appropries. ««iuree par des 

A .'eta, deploye. la paroi 10 de la preforme presente done une forme 

15 ZZT^T^*^^*^**^™*^ 

A litre d'exemple, non iimitaaf, !e diametre extfm. rf. i„ 

Cet espace annulaire libre sur toute la haiitr..r a. i. ,r 
d'evacuerla boue au cours du gonflage. " P 6 "™ 

Selon une caracteristique essen.ielle de Invention, la preforme I est 

cubage. Ces verrous som represent en traits intcompus et referet.ces 3 a ,a fig Urc T 
ouinesont.a ^"'^ — 3 —spaces dedtstances L,. L 2 predeterminees. 

30 m^. A *" indiCatif> ' a P ^ 0nnC 3 Unc ,0 "6"eur pouvant atteindre 3 000 
L'espacement des venous 3 pourra etre compris enrre 5 e, 50 pM 

La hauteur des venous sera de 1'ordre de 0,5 a 3 metres 
Dans le mode de realisation represent* aux figures 5 et 6. la paroi 10 de la 
prfbnne est constuu* d'une ame thermodureissab.e 5 prise en sandwich eZL 1 
inteneure 6 ct une peau exteneure 7. 1 
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L'ame 5 est une resine polymerisable a chaud. a rinterieurde laqueJIe est 
noyee une armature de renforcement composee de fibres 50. telles que des fibres de verre 
ou de carbone, certaines circonferentielies el d'autres longitudinales. 

La peau interieure 6 est en materiau elastomfcre (caoutchouc syntheuque) 
5 non renforce. La peau exterieure 7 est en materiau eiastomere. renforce par un tissu 
faiblement extensible. 

La rone annulaire desunee a constituer le verrou forme un reservoir 
(poche) dllimite d'une part par 1'ame 5 et d'autre part par un renfiement 6'. dirigc vers 
1'interieur 100 de la preforme. de la peau interieure 6. Ce reservoir contient une resine 60 
10 polymerisable a chaud 

En regard du renfiement 6\ la peau exterieure 7 est interrompue pour etre 
remplacee par un manchon a Celui-ci est convenablement relie et fixe, parexemple par 
collage, a la peau 7. Le manchon 8 est en materiau eiastomere non renforce. II est done 
extensible radialement, contrairement au reste de la peau exterieure 7. 

A litre indicatif. I^paisseur de chacune des peaux 6, 7 est de I'ordre de 2 
millimetres > tandisquer^e5au n e^paisseurcompriseentre5et 15 millimetres. 

La resine 60 est choisie pour poss<<der une viscosity 6lev€c a temperature 
ambiante, et une viscosiui faible a temperature elevce. par exemple a partir de 80'C 
environ. Die devient alors liquide et susceptible de migrer a travers l'ame 5 et son 
20 armature 50, vers 1 "exterieur. 

L'ancrage de la preforme dans ie puits se fait de la maniere expliquee ci- 

apres. 

On precede tout d'abord au deploiement radial de la preforme en y 
introduisant le liquide L. comme deja dit plus haut La preforme va done prendre 
progressivement une forme cylindrique, tandis que la boue presente a 1'interieur du puits 
est chassee de l'espace annulaire reste libre et remonte en surface. C'est du reste cette 
meme boue qui peut etre uulisee comme liquide de gonflage L, via un circuit de pompage 
ad hoc. 

La pression du liquide L est choisie de telle maniere qu'il y ait une 
difference de pression relativement elevee. par exemple de I'ordre de 10 bars entre les 
liquides inufrieur et exterieur a la preforme. La preforme est retenue dans sa position 
correcte a 1'interieur du tube par un appareillage approprie installe en surface, et non 
represent! 

Ensuite, on precede au chauffage de la paroi de la preforme. soil en 
substttuam au liquide L un liquide chaud. soil par effet Joule, a Faide.de resistances 
electriques appropriees montees dans la preforme. Cet apport de chaleur va fluidifier la 
resine 60 contenue dans les poches 6' , ainsi que celle de Tame 5. 
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Sous l-effet de la pression p du fluide interieur. la resine liquide va alore 
migrerde Tintdricur vers I'exterieur. lout en refoulani la resine constitutive de Tame 5. a 
travers cettc demicre pour former des hernies annulaires 61 qui vont venir s'ap'pliquer 
- par I'intermediaire des troncons de peau 8 facilement deformables - centre la paroi 20. 
avec une pression relativement forte. Bien entendu. la capacite des reservoirs et, 
corrdlativement. le volume de la resine 60 sont choisis suffisants pourcombler correcte- 
ment Tespace annulaire correspondant au jeu j. et deformer sufnsamment les verrous 3 
vers rexterieur. centre la paroi 20. Us troncons 8. apres expansion radiale. sont 
refcrencfe 8' sur les dessins. 

On continue ensuite a apporter a la preforme et au verrou les calories 
nccessaires, pendant une duree suffisante - gcneralement de quelques heures - pour 
obtenir la polymerisation de I'ensemble de la paroi. y compris celle des verrous. 

On obtient done ainsi un tubage rigide a paroi interieure cylindrique et 
dont la paroi exterieure est formte de bourrelets annulaires qui constituent Je, zones 
15 d'ancrage et d'etancheite du tubage dans le puits 2. 

Us operations nnales consistent a enlever le liquide se trouvant a 
1'intcrieur de la preforme. a retirer le conduit 4. et a ciiminer les extremitcs de preforme 
haute 1 a et basse lb. 

Upartie lapeutetreenleveesimplementparsciagetransversal. Upartie 
20 basse 1 b peut etre enlevec par forage axial a l'interieur du tubage. 

II convient de noter. que la localisation des verrous 3 est parfaitement 
controlce par suite de la presence des manchons 8 dont Inaptitude a I'extension radiale est 
plus grande que le reste de la peau exterieure 7. 

U deformation de la peau interieure 6 vers rexterieur. a la fin de la 
25 migration de la risine vers I' exterieur. est limitee car cette peau 7 va venir prendre appui 
contre la stntcture filamentaire 50 de I'ame 5. Ainsi. on est assurt que la paroi interieure 
du tubage aura une forme rigoureusement cylindrique sur toute sa hauteur. 

Us verrous annulaires seront positionnes a la demande. selon les 
caracteristiques physiques du puits a tuber, le long de la preforme. notamment en 
30 fonction de la disposition de cenaines rones aquifcres. 

Pour ameliorer I'etancheite entre la preforme et la paroi du pnits. i] zsi 
possible de prtvoir. au niveau des verrous 3 des joints d'etancheite. 

Cette possibilite est illustree aux figures 7 et 8. Us manchons dilataWes 8 
sont garnis d'un ou de plusieurs joints d'etancheite 9. par exemple au nombte de trots. II 
s'agit par exemple de joints souples. aptes a se deployer radialement en meme temps que • 
la preTorme. pour prendre une forme torique. Aprts dilatation radiale et durassement des 
verrous. les joints se trouvent loges dans une goi^e annulaire de la peau exterieure 8\ 
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assurant une parfaite etancheite a ce niveau. Ceite technique d^tancheite fait Tobjei de la 
demande de brevet n° 94 03629 deposee par la demanderesse le 23 mars 1994. Elle est 
appliquee ici aux zones d'ancrage de la preforme. 

II convient de noter que la resine 60 peut rester emprisonnee pendant une 
iongue duree a rinterieur des poches 6\ sans risque de degradation. 

Ainsi, les preformes peuvent etre stockees sans dommages, mises en place 
au moment voulu, puis ancrees egalement au moment voulu. Du reste, il n'est pas 
necessaire de realiser la polymerisation de la preforme et des verrous juste apres le 
denotement radial de la preforme. Ces operations peuvent etre menees successivemem au 
moment opportun, notamment feme ti on de la disponibilite du personnel affect a ces 
taches. 

Dans la variante de preforme illustree aux figures 9 et 10, dans lesquelies 
les memes references qu'aux figures 5 et 6 ont ete uulisees pour designer des elements 
identiques du similaires, la reserve de resine polymerisable a chaad 600 i\ cm pa,. 

15 confinee dans des poches. Au contraire. elle occupe un espace annulaire, entre ame 5 et 
peau interieure 6. qui s'etend tout le long de la preforme 7, y compris en vis-a-vis des 
zones de peau exterieure renforcees, et non facilement deformables (voir figure 9). Lors . 
de Implication de la pression interne p, la resine liquide va migrer a rinterieur de Tame 
5. Cependant, vers rexterieur. elle ne va ressortirqu'en regard des ironcons 8 facilement 

20 deformables, formant a ce niveau les bourrelets d'ancrage 8'. 

Cette variante de preforme csi d'un prix de revient plus faible que celui 
d'une preforme a poches. 

A titre indicatif, la peau exterieure 7 a une epaisseur de I'ordre de 2 a 
3 mm, Tame 5 une epaisseur comprise entre 5 et 15 mm, la resine 600 une epaisseur de 
25 Tordre de 0,4 mm et la peau interieure 6 une epaisseur de I'ordre de 2 mm. 

Bien que dans le mode de mise en oeuvre de Tinvention qui vient d'etre 
decrit en reference aux dessins, on ait affaire au tubage d'un puits vertical, et plus 
preasement d'un puits de forage petrolier, la presentc invention s'applique egalement au 
tubage de puits souterrains, qui ne sont pas forcement verticaux, et au tubage de 
30 canalisations, par exemple de pipe-lines ou de gazoducs en vue de leur reparation in situ 
par mise en place d'un chemisage interne. 
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REVINDICATIONS 

1 . PreTorme souple depliable radialemeni et durcissable in situ apres 
mise cn place dans un puits ou une canalisation pour y consumer un tubage cylindrique 
camcterisee par le fait qu'elle comporte le long de sa paroi des zones annulaires durcissa- 
bles (3) aptes a se deformer radialement vers lexterieur pour venir s'appliquer contre la 

5 paroi (20) du puits (2) ou de la canalisation et qui forment apres dureissement des venous 
d'ancrage et d'etancMt* pour le tubage. 

2 . PreTorme selon la revendication 1. caracterisee par le fait qu'elle 
comporte une reserve de resine polymerisable a chaud (60. 600) dispose* du cdtc 
intcrieur et apte a migrer radialement vers I'exterieur a travers la paroi ( 10). sous lerfet 

10 d'une pression interne (p). 

3. PreTorme selon Tune des revendicatic™ 1 ou 7. avactfrigfe p-x <e fait 
qu'elle comporte une peau exterieure elastiquement deformable (7) dont certains troncons 
(8. 8') en forme de manchons. ont une aptitude a la deformation radiale nettement plus 
grande que celle du reste de la peau (7). ces troncons realisant lesdits venous (3). 

4. PreTorme selon la revendication 3. caractcrisee par le fait que les 
troncons (8. 8') facilement deformables sont en elastomere non renforee. tandis que le 
reste de la peau (7) est en elastomere renforc*. 

5 . PreTorme selon la revendication 2 d'une part, et 3 ou 4 d'autre pan 
pnses en combinaison. caracterisee par le fait que ladite reserve consiste en des pochei 
ai.nula.res s.tuees en regard desdits troncons (8) de peau exterieure facilement deforma- 
bles. 

« . Preforme selon la revendication 2 d'une part, et 3 ou 4 d'autre pan 
prises en combinaison. caracteris* par le fait que ladite reserve (600) s'etend tout le long 
de la preTorme. y compris en regard des zones de peau exterieure non facilement 
25 deformables. 

7 . Preforme selon I'une des revendications 5 ou 6. caractcrisee par le fait 
que la paroi de la preforme est composee d'une ame (5) en resine polymerisable a chaud 
et de deux peaux en materiau flastomere. I'une intfrieure (6). I'autre exterieure (7) hdite 
^econte^tlare»ne(60.^ 

30 (6). 

8 . PieTortnc scion la revendication 7, caractensee par le fait que Tame (5) 
comporte une armature filamentaire (50) noyee dans ia resine. 



20 
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9 . Preforme scion Tune des revendications 1 a 8. caractensec par Ic fail 
qu die est munie de joints cTtendifitf annulaires (9) emouram ies zones durcissables (3) 
destinies a consumer Ies verrous. 

10. Precede pour mettre en place, ancrer et realiser fetancheitc d'une 
preforme conforme a Tune des revendications precedences dans un puits ou une 
canalisation cylindrique, selon lequel : 

»)«»ini ro dultl.p^on»e(l)»rtoplKd«le I rt te( 2)oal.c^isa. 
uon dont le d.ametre est un peu plus grand que celui de la preforme lorsqu'elle est 
radialement employee; 

I'amener A r« imt0dUU " ""^ ^ * rta «*»* «■ F*We (1) pour 

I amener k I elat ngoureusement cylindrique ; ^ 

e) on provoque la deformation desdites zones annulaires (3) vers 
I ^"^Pourlesappliquerc^ 

15 (3). d> ° n P,OVOqUC ,C d ' : !a I**"** Ci)« des zones aaaulaires 

aPuned ' ^'^f « ta ««*«ioo 10. applique a une preforme conforme 
» I une des revend.cauons 5 ou 6. caracterise par le fail qu'a Vitope «, on chauffc la 
^<<»>-*nue^ 

20 rfsme et ce.le const, tuuve de la pare, de la preforme a la temperature de po.ymerisation 
duran, un temps sufTIsan, pour obtenir le durdsscment de .'ensemble. 
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PREFORM, DEVICE AND METHOD FOR CASING A WELL 



The present invention concerns a flexible preform that is radially foldable and curable in 
5 situ, after it has been placed in a well, particularly an oil well, or in a conduit, in order to constitute 
a cylindrical casing therein. 

The invention also concerns the method for positioning, anchoring this preform in the well 
or conduit, and creating a seal between the preform and the well or conduit. 

Already known are preforms the wall of which is a flexible material that can be folded on 
10 itself in order to have an overall radial dimension that is significantly smaller than the diameter of 
the well or conduit to be cased, or to be lined in the case of a localized repair. The preform in its 
folded state is inserted in the well or conduit. Once it has been positioned at the desired location, 
it is radially deformed outward by introducing an inflation fluid into the preform. Under the effect of 
the internal pressure, it takes a cylindrical form, that is, a circular cross section. The anchoring of 
15 the expanded preform to the interior of the well or conduit is done by means of a cem&i* thai is 
poured into the annular space separating the outer wall of the cylindrical preform from the wall of 
the well or conduit. The curing of the preform wall by polymerization can be accomplished either 
by introducing a hot liquid inside the preform, or by the Joule effect by means of appropriate 
electrical resistances arranged in the preform, for example electric wires comprising part of the 
20 wall structure of the preform, impregnated with heat-setting resin. 

international patent application WO 94/21887 concerns cementing a casing of this type. 
The cementing of a preform of this type poses several problems. 
First, it requires a relatively sophisticated and expensive cementing facility. 
Moreover, the quality of the cement must be perfect in order to be able to insert it 
25 correctly and homogeneously into the annular interstices, the thickness of which can be very 
small, separating the wall of the preform from the wall of the well or conduit. 
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Finally, the cementing is not always very reliable because it is poorly controlled over long 

lengths. 

The objective of the present invention is to propose a preform of the type described 
above that can be positioned and anchored inside the well or conduit without the need to use 
. cement. 

This objective is achieved, according to the invention, due to the fact that the preform has, 
along its wall, annular curable zones that are radially and outwardly deformable so that they apply 
against the wall of the well or conduit, and which form, after curing, anchoring and sealing locks 
for the casing. 

Moreover, according to a number of additional, non-limiting characteristics of the 
invention: 

- the preform has a reservoir of heat-curable resin on its inner side that can migrate 
radially outward through the wall under the effect of an internal pressure; 

- it has an elastically deformable outer skin, certain sleeve-shaped sections of which 
have a capacity for the radial deformation that is significantly greater than that of the rest of the 
skin, these sections accomplishing said locks; 

- the easily deformable sections are made of non-reinforced elastomer while the rest of 
the skin is made of reinforced elastomer; 

- said reservoir consists of annular pockets situated opposite said sections of easily 
deformable outer skin; 

- said reservoir extends the full length of the preform, including opposite the areas of 
outer skin that are not easily deformable; 

- the wall of the preform is composed of a heat-curable resin core and two skins made of 
elastomer material, one inside and one outside, said reservoir containing the resin being 
delimited by the core and by the inner skin; 

- the preform is provided with annular seal rings encircling the curable areas intended to 
constitute the locks. 

The method according to the invention, intended for the positioning, anchoring, and 
sealing of a preform as described above inside a well or conduit, is comprised of the following 
steps: 

a) the preform in its folded state is inserted in a well or cylindrical ccnduit. the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform to change it to a strictly cylindrical 

state; 
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c) said annular zones are deformed outward to apply them against the wall of the well or 

conduit; 

d) the preform and the annular zones are cured. 

In an advantageous way, in step c) the resin contained in the annular pockets is heated 
in order to liquefy it and cause it to migrate outward under the effect of the internal pressure, and 
in step d), this resin and the resin of the wall of the preform are maintained at the polymerization 
temperature for enough time to obtain the curing of the whole. 

Other characteristics and advantages of the invention will appear from the description 
and the appended drawings, which represent, by way of non-limiting examples, preferential 
embodiments. 

In these drawings: 

- Figure 1 is a diagrammatic cross sectional view of a preform according to the invention, 
after insertion and radial deployment, but before anchoring, inside an oil well; 

- Figures 2 and 3 are transverse cross sections of the preform in its initial folded state, 
according to two different methods of folding; 

- Figure 4 is a view similar to Figures 2 and 3, which represents the radially deployed 
preform to take a cylindrical form; 

- Figure 5 is a partial view, in axial cross section, of the wall of the preform at one curable 
annular zone intended to constitute an anchoring lock, prior to being radially deformed outward; 

- Figure 6 is a view similar to Figure 5, representing the preform after deformation and 
curing of the lock; 

- Figure 7 is a diagrammatic view of a section of deployed preform, which is equipped 
with several seal rings at the curable annular zone intended to constitute an anchoring lock; 

- Figure 8 is a longitudinal cross section at the ring, after the preform is anchored and 
cured in a well. 

- Figures 9 and 10 are views similar to Figures 5 and 6. respectively, representing a 
variant of the preform. 

Figure 1 represents a preform 1 according to the invention, which is placed inside an oil 
well 2, the cylindrical wall of which is referenced as 20. 

The preform is of a known type, made of thermosetting, heat-curable material, which, 
prior to being placed inside the well, is folded longitudinally so as to have a reduced radial 
dimension. 
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The folding can be done in "U" shape as shown diagrammatically in Figure 2, or "snail" 
shape as represented in Figure 3. 

After being positioned inside the well 2 along the desired length, the preform is deployed 
so that it takes on a cylindrical form, as illustrated in Figures 1 and 4. 

This radial expansion is accomplished by introducing a fluid under pressure into the 
preform's internal space 100. To do this, a conduit 4 is provided that sealably penetrates the 
preform at its upper end 1a and carries the fluid from the surface S of the well. The fluid used can 
simply be the liquid mud extracted from the well. 

The lower end 1b of the preform is naturally plugged by an appropriate closing means. 

In its deployed state, the wall 10 of the preform has an strictly cylindrical shape, of 
specific diameter. The diameter of its outer surface is selected so as to be slightly less than the 
diameter of the well's wall. 

By way of non-limiting example, the outside diameter of the preform will be 178 
millimeters, while the diameter of the wall 20 will be 184 millimeters. 

There is therefore an annular space j the radial value of which, for example, is 3 
millimeters. 

This free annular space along the full height of the preform allows the mud to be 
evacuated during inflation. 

According to one essential characteristic of the invention, the preform 1 is provided with 
several annular curable zones distributed along its wall, which are radially and outwardly 
deformable so that they apply against the wall 20 of the well, and which after curing, form 
anchoring and sealing locks for the casing. These locks are represented by broken lines and by 
references 3 in Figure 1. 

The different locks 3 are spaced at predetermined distances L lt L 2 that are not 
necessarily equal. 

By way of example, the preform has a length that can reach 3,000 meters. 
The spacing of the locks 3 can be between 5 and 50 meters, for example. 
The height of the locks will be on the order of 0.5 to 3 meters. 

In the embodiment represented in Figures 5 and 6, the wall *10 of the preform is 
composed of a heat-setting core 5 sandwiched between an inner skin 6 and an outer skin 7. 
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The core 5 is a heat-curable resin, inside which is embedded a reinforcing structure 
composed of fibers 50. such as glass or carbon fibers, some of which are circumferential and 
others longitudinal. 

The inner skin 6 is an unreinforced elastomer material (synthetic rubber). The outer skin 
7 is an elastomer material reinforced by a slightly expandable fabric. 

The annular zone intended to constitute the lock forms a reservoir (pocket) delimited by 
the core 5 as well as by a bulge 6\ toward the interior 100 of the preform, in the inner skin 6. This 
reservoir contains a heat-curable resin 60. 

Opposite the bulge 6\ the outer skin 7 is interrupted to be replaced by a sleeve tube 8. 
This sleeve tube is appropriately connected and attached, for example by gluing, to the skin 7. 
The sleeve tube 8 is made of an unreinforced elastomer material. It is therefore radially 
expandable, unlike the rest of the outer skin 7. 

By way of example, the thickness of each of the skins 6, 7 is on the order of 2 millimeters, 
while the core 5 has a thickness of between 5 and 15 millimeters. 

The resin 60 is selected to have a high viscosity at ambier^ temperature, and a low 
viscosity at high temperature, for example above about 80°C. It then becomes liquid and can 
migrate outward through the core 5 and its reinforcing structure 50. 

The anchoring of the preform in the well is done as explained in the following. 

First, the preform is radially deployed by introducing the liquid L into it, as already 
mentioned above. The preform will then progressively take on a cylindrical shape, while the mud 
present inside the well is forced out of the annular space that remains free, and rises to the 
surface. The rest of this same mud can be used as the inflation liquid L, by means of a suitable 
pumping system. 

The pressure of the liquid L is selected so that there is a relatively high pressure 
differential, for example on the order of 10 bars, between the liquids inside and outside the 
preform. The preform is held in its proper position inside the pipe by an appropriate device 
installed at the surface, and not represented. 

Next, the wall of the preform is heated either by replacing the liquid L with a hot liquid, or 
by the Joule effect using appropriate electrical resistances mounted in the preform. This heat will 
liquefy the resin 60 contained in the pockets 6', as well as the resin of the core 5. 
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Under the effect of the pressure p of the interna! fluid, the liquid resin then migrates 
outward from the interior, while forcing the resin comprising the core 5 through to form annular 
bulges 61 which will be applied - by means of sections of easily deformable skin 8 - against the 
wall 20, with a relatively strong pressure. Of course, the capacity of the reservoirs, and 
correlatively, the volume of the resin 60, are chosen so as to be sufficient to correctly fill the 
annular space j, and to sufficiently deform the locks 3 in an outward direction against the wall 20. 
The sections 8, after radial expansion, are referenced 8' in the drawings. 

The necessary calories continue to be applied to the preform and to the lock for enough 
time - usually a few hours - to obtain a curing of the wall assembly, including the locks. 

Thus, a rigid casing is obtained with cylindrical interior wall, and the outer wall of which is 
formed of annular rolls that comprise anchoring and sealing zones of the casing in the well 2. 

The final operations consist of removing the liquid from inside the preform, withdrawing 
the conduit 4, and eliminating the upper and lower ends 1a and 1b, respectively, from the preform. 

The part 1a can be removed simply by transverse sawing. The lower part 1b can be 
removed by axial boring inside the casing. 

It should be noted that the location of the locks 3 is perfectly controlled due to the 
presence of the sleeve tubes 8, which have a greater ability to extend radially than the rest of the 
outer skin 7. 

The outward deformation of the inner skin 6. at the end of the outward migration of the 
resin, is limited because the skin 7 will come up against the filament structure 50 of the core 5. 
This ensures that the interior wall of the casing will have a strictly cylindrical shape along, its full 
height. 

The annular locks will be positioned where desired, depending on the physical 
characteristics of the well to be cased, along the preform, particularly as a function of the location 
of certain aquifer zones. 

In order to improve the seal between the preform and the wall of the well, seal rings can 
be provided at the locks 3. 

This possibility is illustrated in Figures 7 and 8. The expandable sleeve tubes 8 are fitted 
with one or more seal rings 9, for example three in number. These are flexible rings, for example, 
capable of being deployed radially at the same time as the preform, to take on a toroidal shape. 
After radial expansion and curing of the locks, the rings are lodged in an annular groove of the 
outer skin 8', 
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providing a perfect seal at this point This sealing technique is the object of this applicant s patent 
application No. 94 03629 filed on March 23, 1994. It is applied here to the anchoring areas of the 
preform. 

It should be noted that the resin 60 can remain enclosed for a long time inside the 
5 pockets 6', with no risk of degradation. 

The preforms can therefore be stored without damage, put in place whenever desired, 
then also anchored whenever desired. Furthermore, the preform and locks do not need to be 
cured until after the radial deployment of the preform. These operations can be performed 
successively at the proper time, depending on the availability of the personnel assigned to these 
10 tasks. 

In the preform variant illustrated in Figures 9 and 10, in which the same references as in 
Figures 6 and 6 were used to designate identical or similar elements, the reserve of heat-curable 
resin 600 is not confined in the pockets. On the contrary, it occupies an annular space between 
the core 5 and the inner skin 6, which extends the full length of the preform 7. including opposite 

15 the outer reinforced skin areas that are not easily deformable (see Figure 9), During the 
application of the internal pressure p f the liquid resin migrates to the inside of the core 5. Toward 
the exterior, however, it will only push out into the easily deformable sections 8, forming 
anchoring rolls 8' there. 

This preform variant has a lower production cost than a preform with pockets. 

20 By way of example, the outer skin 7 has a thickness on the order of 2*to 3 mm, the core 5 

has a thickness of between 5 and 15 mm, the resin 600 has a thickness on the order cf 0.4 mm 
and the inner skin 6 has a thickness on the order of 2 mm. 

Although in the method of implementing the invention that has just been described with 
reference to the drawings, the casing was for a vertical well, and more specifically an oil well 

25 bore-hole, the present invention also applies to the casing of underground wells that are not 
necessarily vertical, and to the casing of conduits, for example pipelines or gas pipelines, for the 
purpose of repairing them in situ by installing an internal lining. 
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CLAIMS 
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1. Flexible preform that is radially foldable and curable in situ , after it has been placed in 
a well or in a conduit, in order to constitute a cylindrical casing therein, characterized by the fact 

5 that the preform has, along its wall, annular curable zones (3) that are radially and outwardly 
deformable so that they apply against the wall (20) of the well (2) or conduit, and which form, after 
curing, anchoring and sealing locks for the casing. 

2. Preform according to claim 1, characterized by the fact that it has a reservoir of heat- 
curable resin (60. 600) on its inner side that can migrate radially outward through the wall (10) 

1 0 under the effect of an internal pressure (p). 

3. Preform according to either of claims 1 or 2, characterized by the fact that it has an 
elastically deformable outer skin (7). certain sleeve-shaped sections (8, 8') of which have a 
capacity for the radial deformation that is significantly greater than that of the rest of the skin (7), 
these sections accomplishing said locks (3). 

15 4. Preform according to claim 3, characterized by the fact that the easily-deformable 

sections (8, 8") are made of non-reinforced elastomer while the rest of the skin (7) is made of 
reinforced elastomer. 

5. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact that said reservoir consists of annular pockets situated 

20 opposite said sections (8) of easily-deformable outer skin. 

6. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact said reservoir (600) extends the full length of the 
preform, including opposite the areas of outer skin that are not easily deformable. 

7. Preform according to either of claims 5 or 6, characterized by the fact that the wall of 
25 the preform is composed of a heat-curable resin core (5) and two skins made of elastomer 

material, one inside (6) and one outside (7), said reservoir containing the resin (60. 600) being 
delimited by the core (5) and by the inner skin (6). 

8. Preform according to claim 7. characterized by the fact that the core (5) has a filament- 
type reinforcing structure (50) embedded in the resin. 

30 
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9. Preform according to any of claims 1 to 8, characterized by the fact that it is provided 
with annular seal rings (9) encircling the curable zones (3) intended to constitute the locks. 

10. Method for the positioning, anchoring, and sealing of a preform as described above 
5 inside a well or cylindrical conduit, according to which: 

a) the preform (1) in its folded state is inserted in a well (2) or conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform (1) to change it to a strictly 
cylindrical state; 

10 c) said annular zones (3) are deformed outward to apply them against the wall (20) of the 

well (2) or conduit; 

d) the preform (1 ) and the annular zones (3) are cured. 

11. Method according to claim 10, applied to a preform according to either of claims 5 or 
6, characterized by the fact that in step c) the resin (60) contained in the annular pockets is 

15 heated in order to liquefy it and cause it to migrate outward under the effect of the internal 
pressure (p), and that in step d), this resin and the resin of the wall of the preform are maintained 
at the polymerization temperature for enough time to obtain the curing of the whole. 
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